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©; Trailing arm suspension with wrapper compression axle mounting. 



© A vehicle suspension system (16) for mounting 

. .,, ground-engaging wheels ,(I4). to a vehicle frame 
. where two arms (18) are secured to opposite sides of 
: the j frame and . a wheel-carrying axle (12) is sus- 
pended between the arms (18). The axle- (12) is se- 

' cured ; to the arms (18) by j a Wrapper pjate (34) 
partally surrounding the axle (12), and a t>olt (38) is 
utilized to. compress the wrapper plate (34) about the 
axle XI2) so that. the. wrapper plate (34) supports and 
strengthens ; the axle, A plug weld (42) is provided 
between the axle (12) and the wrapper plate (34). The 
wrapper generally conforms to the profile of that 
portion of the axle (I2) which it surrounds. The axle 

C^(I2) can be square, round or D-shaped in cross- 

^ section. 
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TRAILING ARM SUSPENSION WITH WRAPPER Cdfa^REgSlON AxLe MOUNTING 

. . — — — : — ; ! — i \ 



. FIELD OF THE INVENTION 

The invention relates- to vehicle suspension 
systems for mounting ground-engaging wheels to a 
vehicle frame and, more particularly, to the axle 
support means for securing a wheel-carrying axle 
to a vehicle. 



BACKGROUND OF THE INVENTION 

Vehicle suspension structures are well-known 
in the art. In- particular, vehicle suspension struc- 
tures having arms suspended from a vehicle frame 
and a wheel-bearing axle suspended from the trail- 
ing arm are known. An example of this type of 
vehicle suspension structure is disclosed in the 
U.S. Patent to Bird 3,547,215 issued December 15, 
1970. As in the Patent to Bird, a square axle is 
typically welded to a bracket which is, in turn, r 
secured to the trailing arm of the vehicle suspen- 
sion structure. The weldment securing the axle to 
the bracket is usually made at the midpoint of the 
side where vertical bending moment stresses are 
neutral. However, these areas are areas of high 
torsional loading which results from brake torque, 
vehicle roll and diagonal axle (wheel) walk. The 
welding at the midpoint of the axle typically intro- 
duces a point of weakness where axle failure may 
initiate. The weakness in the typical axle welded to 
a bracket is caused, in part, by the undesirable 
heat-treating effects of the welding process upon 
the, axle material in the localized area adjacent the 
weldment. In addition, craters or strike marks may ■ 
form points at which cracks may initiate or at which 
stresses may become concentrated. " ; 

The typical axle is welded to the bracket by a 
line weld on either; side of the bracket. Because it 
is a line weld, the weldment has "ends" at which 
stresses are concentrated and at which cracks may 
initiate. 

The typical axle is difficult to' install because 
the axle must be held in n place against the axle 
bracket while extensive welding takes place. This 
structure both increases assembly time and in- 
creases the heat of welding with its resultant un- 
desirable localized heat treatment of the base met- 
al. 

Other suspension assemblies include those 
disclosed in: the United States Patent to Henry et 
al. 3,707,298. issued December 26, 1972 which 
discloses an axle permitted to rock within a recep- 
tacle. Rocking is yieldably resisted by an elastomer 
material; the United States Patent to Sudberry 



3.799.571, issued Marich 26. 1974 which discloses 
an axle clamped to a leaf spring by a U-bolt 
assembly; the United States Patent to Raidel 
3,043.606, issued July 10. 1962 which discloses an 

5 axle secured immovably to a seat member by a 
line of weldments; the United States Patent to 
Brown 923,135, issued June i, 1909 whfch discloses 
an axle secured within' a U-shaped member; the 
United States Patent to Cartwright 1,306.685. issued 

10 June 17, 1919 which discloses an axle suspended 
beneath a leaf spring by means of a U-boltassem- 
bly; the United States Patent to. Ddm 1.196,436, 
issued August 29, 1916 which discloses an axle 
secured by U-shaped clips to a hood; and United 

15 States Patent to Chamberlain 4,016,947, issued 
April 12, 1977 which discJose^ a clamp assembly for 
securing an axle housing relative to a vehicle 
frame; the West German Patent Auslegeschrift 16 
80 052, issued July, 1977, discloses an axle se- 

26 cured within U-clamps to a trailing arm assembly; 
the U.S. Patent to Slemmons et aJ. 2,773,698, 
issued December H, 1956 which, discloses an axle 
suspended beneath \ a trailing arm by means of 
arcuate fines of welding ^ securing the axle to semi- 

25 cylindrical sheils. 

The typical axieVaxlS bracket 'connection, how- 
ever, weakens the structural iri^rity'of the axle. 
This weakness is caused by. the extent and location 
of welding necessary to secure the axle Jn place. 

so ' ■ - ' y • :t " y '' ; ■ " -"- 

" SUMMARY OF THE INVENTION 

The invention relates to a vehicle suspension 

35 system for mbunting ground-erig aging wheels to a 
yehicle frame. The su^ension system includes 
fearwardly extending arms' whicK |xjtehd on either 
side of the vehicle frame and are pjyotably moun- 
ted at the forward ends thereof An axle is sus- 

40 pended between the rearwardly extending arms by 
means of an axle bracket assembly. The axle sup- 
port assembly or axle bracket assembly includes a 
wrapper plate which wraps at least 180? around the 
axle and also includes a means for compressing 

45 the axle in the wrapper pjate. The compression of 
the wrapper plate thereby serves to support and 
strengthen the axle's structural integrity. To this 
end, the wrapper plate has an elongated planar 
surface of complementary shape to the axle and 

so depending sides through which the wrapper plate 
is compressed against the axle. 

A small, non-linear weldment. spot weld or plug 
weld, is used to secure the axle to the wrapper 
plate during installation and, in addition, to prevent 
lateral movement of the axle in the wrapper plate. 
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The wrapper plate, preferably..pomprises a. saddle-- 
shaped plate having an- aperture- in the bight por-- 
tion ther of to increase flexibility and reduce weight 
of the wrapper plate .ancLio provide beam clear- 
ance. Further, a small .aperture is formed in the 
sides of the wrapper adjacent the vertical midpoint 
of the axle. and the plug weld is positioned in the 
small aperture. ^ . .. 

The axle mounting is particularly suitable for 
axles which are square in cross-section. In this 
case,' the wrapper can be U-shaped to conform to 

. the axle shape.. . Alternatively, the . axle can be 

/"roupd. or even D shaped, in cross-section and the 
wrapper can have an arcuate portion to conform 
_with the curvature of the axle.. 
' The wrapper plate is preferably secured to the 
arms 5 through a. pair of side plates which have an. 

, opening complementary to the wrapper plate pro- 
file and the wrapper, plate is positioned within the 

opening. / c 

Placing the wrapper plate, .and also the axle, in 
compression acts to minimize stress rjsers which 
might otherwise occur by counteracting the lateral 
bending/ moments to which -trie, axle js subjected.. 
Further,^ the' wrapper plate, strengthens the axle at 
the area of connection to the axle .to resist forces 
due to brake torque, vehicle rpll and- diagonal axle 
(wheel) wafk. the wrapper plate also surrounds the 

. plug wejd, thereby, pladngjt^e^axle in compression 

" around the ehtire/weldment,,apd strengthening this 
point which might otherwise ..be,, weakened by the 

' ^yeldment. The r$ia$ve ; jy srnall.,area which needs toy 
be welded reduces the" amount of heat to which the., 
axle is subjected and, therefore, reduces the 
amount v of undesirable, localized , . heat treatment, 
The use of a : rbuhd - plug weld~eliminates "ends" 
which would^ otherwise. Jbe . preserti on a line weld. 

''and cause position! gf^ stress, risers oppositions at 

/Wich "cracks cpujd : jJ?Stiat<^ ^T£e ^manner in which 
the' aixle may" be^ placed Jn§idQ. trie/. wrapper plate, 

/'aHd/secured by placing the wrapper plate in com- 
pression, and the simple manner of plug welding 
the axle to the wrapper , plate increases the ease 
arid efficiency 6f "axle installation. In addition, the 

. plug weld is located at or near the neutral axis of 
the axle " with respect to vertical bending moments, 
thereby' reducing the, to which the 

'weld is. subjected, the shape of the wrapper 
"gloves" or surrounds the entire, axle, taking advan- 
tage Pf its non-round shape in transmitting torque. 



. BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described with refer- 
ence to the drawings in which: 
5 Figure I. is fragmentary, side elevational view 

of a vehicle frame having mounted thereon a sus- 
pension system according the invention; 

. Figure 2 is an enlarged, fragmentary side 
■ sec tional view of the suspension shown in Figure I; 
to Figure 3 is a sectional view taken along line 

3- 3 in Figure 2; 

Figure 4 is a sectional view taken along line 

4- 4 in Figure 2; 

Rgure 5 is an enlarged, fragmentary side 
is sectional view of a second embodiment of the 
. invention; and 

Figure 6 is a sectional view taken along line 
6-6 :Of Rgure 5. 



20 



BRIEF DESCRIPTION OF THE PREFERRED EM- 
- BODIMENT 

Referring to the drawings and to Figure I in 

25 . particular, \a vehicle frame 10 has an axle 12 and 
ground-engaging wheels 14 (shown in phantom 
lines) suspended therefrom by a suspension sys- 
tem 16 according to the invention. -The front of the 
vehicle is to the left of the frame as viewed in 

so Figure I. Suspension system 16 includes, at each 
side, of the vehicle frame 10, a trailing arm 18 
w . pivotably mounted: to a hanger bracket 20. depend- 
- v ing from frame 10. The hanger bracket 20 has a 
k pivot pin 22- at the lower end thereof for pivotably 

^ 35 supporting the forward end of trailing armVI8. Trail- 
ing arm. 18 comprises a hollow rectangular- member 
for supporting an axle 12. The forward end of trail- 
. ing.. aim. 18 is. pivotably mounted at pivot pin 22. 
The ^trailing arm 18 extends rearward along the 

40 vehicle frame- 10. The rear end of trailing arm 18 is 
secured to an air spring 24. Trailing arm 18 has a 
slight downward bend intermediate between its for- 
ward and rear ends. A forward bushed pin 26 and a 
rear bushed pin 28 extend through trailing arm 18 

45 near the slight downward bend therein for support- 
ing an axle, support .assembly 30 while permitting 
limited articulation -between the axle support as- 
sembly 30 and the trailing arm 18. The upper 
portion of the air spring 24 is secured to the 

so vehicle frame 10. In operation, vertical movement of 
the ground-engaging wheels 14 is translated 
through axle 12 to the axle support assembly 30. 
Vertical movement of axle support assembly 30 is 
translated to trailing arm 18 through forward bushed 

55 pin 26 and rear bushed pin 28. A rubber bushing 
29 encases bushed pins 26, 28. The limited articu- 
lation permitted between axle support assembly 30 
and trailing arm 18 by the rubber bushing 29 of 



BNSOCCID: <EP 0240649A2_I_> 



5 



,. ... ^0 240 649 



6 



forward bushed pin 26 and rear bushed pin 28 
cushions the vertical movement of the trailing arrri 
18 and controls the roll rate of the suspension by 
permitting axle support assembly 30 to make small 
vertical displacements without displacing trailing 
arm 18: 

Significant vertical displacement of axle sup- 
port assembly 30 causes the vertical displacement 
x of trailing arm 18. Vertical movement of trailing arm 
18 : is permitted by the pivotal connection of the 
forward end of trailing arm 18 at pivot pin 22. The 
vertical movement of trailing arm 18 is cushioned 
and restrained by air spring 24 J 

The axle support assembly 30, comprises a 
pair of side plates 32 disposed on either side of 
trailing arm 18, a U-shaped wrapper plate 34 de- 
pending from the side plates 32, a reinforcing plate 
36, and a bolt 38 passing through the ends of the 
U-shape wrapper plate 34 for compressing the 
sides of the wrapper plate 34. Each side plate 32 
comprises a vertical piate having openings at the 
upper portion thereof to receive forward bushed pin 
26 and bushed pin 28. Forward bushed pin 26 and 
rear bushed pin 28 extend through trailing arm 18 
and through corresponding openings in the pair of 
side plates 32 disposed on either side of trailing : 
arm 18 to secure side plates 32 to trailing arm 18, 
thereby supporting axle support assembly 30 while; 
permitting limited articulation between the side 
plates 32 and trailing arm 18. In addition, each side 
plate 32 has a U-shaped opening adapted at the 
lower portion thereof to receive in complementary 
fashion the bight portion of U-shaped wrapper plate 
34. The side piate 32 thereby acts to both provide 
a surface to which wrapper plate 34 may be se- 
cured as by welding and also acts to reinforce^ 
wrapper plate 34. 

Wrapper plate 34, as may be seen in Figure 3, 
is a saddle-shaped plate. As may be seen in Figure 
2, the wrapper plate 34 is of U-shaped cross- 
section. The bight portion of wrapper plate 34 is 
disposed upwardly within side plates 32 and the ' 
open end of wrapper plate 34 extends downwardly. 
Wrapper plate 34 is secured to side plates 32 as 
by welding. Wrapper plate 34 is adapted to snugly 
receive an axle 12 having a square or rectangular 
cross sectional configuration with a small space 
between the upper ; sLrfab^ of the axle and the 
inside surface of the wrapper piate 34. As can be 
seen in Figure 3, wrapper plate 34 has an aperture 
40 in the bight portion of the U-shaped wrapper 
plate 34 to reduce the overall weight of the axle 
support assembly 30 and to increase the flexibility 
of wrapper plate 34 and to provide beam clear- 
ance. Wrapper plate 34 has a small circular ap- 
erture on one or both sides thereof adapted to 
receive a plug weld 42. The plug weld 42 is lo- 
cated so as to correspond to the vertical mid-point 



of .the^adjaqent„side. of. axle 12. Plug weld 42 pre- 
vents lateral or side-to-side movement of axle 12 
.with respect, to wrapper plate 34. In- addition, plug 
weld 42 prevents any slight vertical movement of 
s axle ; I2 with respect to' wrapper plate 34. The small 
size of plug weld 42 reduces installation time com- 
pared to the conventional long weldments used to 
secure axles to veriicle frames, and also reduces 
the amount of heat necessary to .complete the 

70 welding process, thereby reducing the amount of 
. undesirable localized heat treatment of the axle and 
wrapper plate material. In addition, the relatively 
small size of the plug weld 42 with respect to the 
typical long weddment used to secure an axle to a 

rs vehicle frame minimizes the stress ^risers caused 
by the presence of the weldment. The round shape 
of the plug weld 42 is ,an improvement over the 
long weldment typically used to secure an axle to a 
vehicle frame because the plug weld 42 has no 

20 distinct end. Thus, there is no end at which stress 
or fatigue failure is likely to initiate. The shape of 
plug , weld 42 is .also advantageous because there 
is no need for the welder to backup the arc upon 
reaching the end of a. weldment . line to avoid 

25 cratering. The location of plug weld 42 is advanta- 
geous because the plug weld is located at the mid- 
point pf ;the adjacent vertical face of axle 12. The 
plug weld 42 is, thereby, located at the neutral axis 
with respect to vertical^ bending moments. Thus, 

30 little, if any, stress will be placed, on plug weld 42 
due to the vertical bending moments to which the 
axle may be subjected. The . plug weld 42 is lo- 
cated at a position of high torsional stress as well 
as a position of . high lateral - bending moment 

35 stress. /As previously mentioned, however, the 
. small size and rounded shape, of plug weid 42 
reduces the problem of stress risers . due to the 

weldment. In addition,, wrapper plate 34 entirely 

; . surjounds plug^.w^ld 42, thereby strengthening the 

4o ; axle at the point of the plug weld 4?. In other 
words, axle 12 Js not weakened by the. connection 
at a location of high torsional stress and high lateral 
bending stress, but rather is strengthened by the 
plug weld and wrapper plate connection. 

45 Wrapper plate 34 includes bolts 38 extending 

through the sides of the^ U-shaped wrapper plate 
34. As completely assembled, the bolts 38 are 
positioned beneath the axle 12 and are adapted to 
place the sides of U-shaped wrapper plate 34 in 

so compression when the bolts 38 are : subjected to 
torque. The resulting compression of the sides of 
U-shaped wrapper plate 34 causes axle 12 to be 
squeezed or gripped by the wrapper plate 34. The 
axle 12 is thereby strengthened by the resulting 

55 compressive load subjected to it at the point of 
clamping by the wrapper plate 34. 
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- Axle support assembfy^ 36 alio' includes a re-, 
ihforcihg plate 36 *secur6d l ^s ; 'by "welding to side' - 
plate 32 and wrapper plate' 34 "for supporting and 
reinforcing wrapper ptate v 34. A' shock absorber 
bracket 37 is pro vided at the inner side plate 32 5 
for securing a lower portion of a shock absorber 
(not shown) to dampen oscillations of the axle. 

In operation, axle 12 is secured within wrapper 
'•plate*' 34'. 'Wrapper plate 34 is placed in compres- 
sion by tightening bolts 38 so that the sides of io 

^ wrapper 'plate 34 grip and compress axle 12. One or 
* two l piug welds 42 are then applied between the 
wrapper plate 34 and the 3 axle 12. PlUg weld 42 also 
acts to secure axie 12 within wrapper plate 34. As 

■ previously described, the size, shape and location 75 
of plug weld 42 are all selected so as' to minimize 
stress risers and weaknesses typically associated 
with weldments on vehicle; axles. In addition, the 
compression of the* sides, of wrapper plate 34 by 
bolts 38, as previously described, acts to strength^ 20 
en axle 12 and prevent buckling and other failures. 

1 : The invention is also' applicable for use with a 
round axle 44. As seen in Rrjure 5\ the invention 
may be adapted for use with a round axle 44 by 
use of a : U-shaped wrapper plate 46 having an zs 
arcuate bight' portion and by the use ol a U-shaped 
adapter 48'' : ha^^ lr u^arUJx Extending sides 50. 

; Adapter 4& is adapfeci to fit Within wrapper plate 46 
so that' round" axle 44 is enicircled by" the wrapper 
plate 46. As may be seen : in Figure" 6, adapter 48 30 
extends 'beyond" 'wrapper 'plate ' 46 oh either side 
and & : welded to axie '44 to form a smooth, mini- 

•^mump'streiss trahsition' frorh' axle "to 1, wrapper plate. 

•B^d^ 52 of -adaptor; 48 are ta'pefed so as to prevent " 

v sftess' risers. Suriporfs v %4 : are* spaced' alorig the ^35 

rlengtH 1 of 'adaptoH^S : 'and : are' shaped so as to ' 

^aecbmmoclate the cLrvature of axie' 44 

- -An axle^bFD-sHaped-cross-se^ shown) 

^eaif Be 'iJtni2ed -in pia6e ,: 6f rourfd^axle 44. The' 

Arcuate portibn-'of the : to-shaped *£Lxle* 1 corresponds ao 
W 'the^ight pdrtYbn W wrapper plate' 46 'so that an 
adaptor is rr uririecessary; ?s 

While particular embodiments of the invention 
have-been- shown; it will be understood that the 
invehtion HsP^KcA 1 limited thereto and reasonable 
modifications- and variations are possible without 
departing from the spirit of the invention. 
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The embodiments of the' invention in which an 
exclusive property or privilege is claimed are de- 
fined as follows: 

I. A vehicle suspension system (16) for mount- 55 
ing ground-engaging wheels to a vehicle frame (14), 
the suspension system (16) comprising at least two 
substantially rigid arms (18) secured to opposite 



sid£s of the. frame through substantially aligned 
pivot mounts; at Je.ast one . wheel-carrying axle (12) 
mounted to.said arms; and. an axle support means 
securing said at least one axle to each of said 
arms; the improvement in ach of said axle support 
means being characterized by: 

a wrapper plate (34) having an elongated planar 
complementary surface wrapping at least 60° ar- 
ound said axle and depending opposite sides ex- 
tending beyond said axle; 

compressing means for diametrically compress- 
ing said axle in said opposite sides of said wrapper 
plate; 

whereby said wrapper plate (34) supports and 
. strengthens said wheel carrying axle (12) at the 
- point at which said axle 912) is connected to said 
rigid arms (18). 

2. A vehicle suspension system (16) according 
to claim I wherein said wrapper plate is character- 
ized by a saddle-shaped plate and has an aperture 
(40) extending through the bight portion thereof to 
reduce the weight of said wrapper plate (34). 

3. A vehicle suspension system (16) according 
to claim 2 wherein said compressing means is 
characterized by a bolt (38) extending through said 
opposite sides of said wrapper plate and being 
adapted to compress said complementary, surface 
against said axle (12) when tightened. - * 

4. A vehicle suspension system (16) according 
to claim 3 and further, characterized by a small, 
non-linear weldment (42) securing said axle (12) to 
said wrapper plate (34). 

5. A . vehicle suspension .system (16) according 
to claim 4 wherein said opposite sides, of said 
wrapper plate. (34) have a small, circular aperture 
(40) extending therethrough adjacent the vertical 
midpoint of said axle. (12); and said non-linear weld- 
ment (42) is located within said aperture (40) in 
said downwardly extending sides. 

6. A vehicle suspension system (16) according 
to claim 5 and further characterized by a pair of 
side r plates (32) secured to each of said rigid arm 
each of said side plates having an : opening of 
complementary shape .to said wrapper plate, 
means . securing said wrapper plate (34) to said 
side plates and a. reinforcing means (36) between 
said side plates , and. said wrapper plate (34) for 
supporting and reinforcing said wrapper plate. 

7. A vehicle suspension system (16) according 
to claim 6 wherein said reinforcing means (36) 
comprises a gusset plate secured to at least one of 
said iside plates (32) and said wrapper plate (34). 

8. A vehicle suspension system (16) according 
to claim 3 and further characterized by a pair of 
side plates (32) secured to each of said rigid arms 
each of said side plates having an opening of 
complementary shape to said wrapper plate (34), 
means securing said wrapper plate (34) to said 
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side plate and a reinforcing means (36) between 
said side plates (32) and said wrapper plate (34) for 
supporting and reinforcing said wrapper plate (34). 

9. A vehicle suspension system (16) according 

to claim I and further characterized by a small, s 
non-linear weidment (42) securing said axle (12) to 
said wrapper plate (34), and a pair of side plates 
(32) secured to each of said rigid arms each of 
said side plates (32) having an opening of com- 
plementary shape to said wrapper plate (34), io 
means securing said wrapper plate (34) to said 
side plates (32) and a reinforcing means between 
said side plates (34) and said wrapper plate for 
supporting and reinforcing said wrapper plate (34). 

10. A vehicle suspension system (16) according 15 
to claim I wherein said wrapper plate (34) has an 
arcuate bight portion adapted to receive said axle 

(12) and said axle (12) has a circular cross-section of 
complementary size to said arcuate bight portion; 
and said compressing means comprises a bolt 20 
(38) extending through said opposite sides and 
being adapted to compress said wrapper plate 
(34) against said axle (12) when tightened; and an 
adapter (48) means having an arcuate top surface 
of complementary shape to said axle positioned .25 
beneath said axle to position said axle within said \ 
wrapper plate. 
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FIG. 5 
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